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(57) ABSTRACT 

A nonvolatile Semiconductor memory device includes a 
NAND cell with a plurality of electrically data rewritable 
memory cells being connected in Series, word lines con 
nected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to a remaining end of the NAND cell, and 
a word line control circuit. The word line control circuit 
Supplies a word line of a Selected memory cell with a write 
Voltage for writing data into this memory cell, Supplies a 
word line of a memory cell located on the common Source 
line side by N (N is an integer greater than or equal to 2) 
cells from the Selected memory cell with a reference Voltage 
for causing this memory cell to cut off, Supplies an auxiliary 
Voltage less than the write Voltage to respective word lines 
of N-1 memory cells located between the selected memory 
cell and the memory cell at the position of the N cells, and 
Supplies to word lines of remaining memory cells an inter 
mediate Voltage between the write Voltage and the reference 
Voltage. 
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NONVOLATILE SEMCONDUCTOR MEMORY 
DEVICE, ELECTRONIC CARD AND ELECTRONIC 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2003-315782, filed on Sep. 8, 2003, the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to electrically data 
rewritable non-volatile Semiconductor memory devices. 
0004 2. Description of the Related Art 
0005 Conventionally, nonvolatile Semiconductor 
memory devices capable of electrically rewriting data, Such 
as electrically erasable programmable read-only memory 
(EEPROM), are known as one type of semiconductor 
memories. Among them, an EEPROM of the NAND type 
having a NAND cell attracts the attention of technicians as 
the one that can be highly integrated. The NAND cell is 
arranged by Series connection of a plurality of memory cells, 
each of which is a unit for storing 1 bit of data. The NAND 
type EEPROM is adaptable for use as a memory card for 
storing image data of digital still cameras, by way of 
example. 

0006 Memory cells of a NAND-EEPROM has an FET 
MOS structure in which a floating gate (charge accumula 
tion layer) and a control gate are Stacked or multilayered 
above a channel region of a Semiconductor Substrate, with a 
dielectric film interposed therebetween. The control gate is 
connected to a word line. A NAND cell is configured from 
a plurality of memory cells which are connected in Series 
together in the form that a Source/drain is commonly used or 
“shared” by neighboring ones of the plurality of cells. The 
Source/drain as used herein refers to an impurity-doped 
region which functions as at least either one of the Source 
and drain of a transistor. 

0007 Here, one example of a data write or “program 
ming” scheme in the NAND type chip will be explained in 
brief. 

O008) (1) “0” Write 
0009. In a state that the voltage of a channel region is set 
at OV, select a word line of a memory cell into which a logic 
“0” is to be written; then, set the voltage of this word line at 
20V for example, and set the word lines other than this word 
line at 10V for instance. As a potential difference between 
the Selected word line (control gate) and the channel region 
is significant large, electrons are injected into the floating 
gate of the above-noted memory cell in the form of a tunnel 
current. Whereby, the memory cell comes to have its thresh 
old voltage which is set in a positive state (“0”-written state). 
0010) (2) “1” Write 
0011. After having set the channel region in a floating 
State with a prespecified Voltage higher than or equal to OV, 
select the word line of a memory cell into which a logic “1” 
is to be written and then set the voltage of this word line at 
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20V in a similar way to the case of “0” write. Set the 
voltages of those word lines other than this word line at 10V 
for example. With these voltage Settings, the channel region 
increases in potential due to the presence of a capacitive 
coupling with respect to the Selected word line (control 
gate); for example, it potentially rises up to approximately 
8V. In this case, unlike the case of “0” write, the potential 
difference between the Selected word line (control gate) and 
the channel stays less So that the floating gate of the 
“1”-written memory cell hardly experiences any electron 
injection due to the flow of a tunnel current. Accordingly, the 
threshold Voltage of the above-noted memory cell is kept in 
a negative State (“1” written state). 
0012. In another example of the write scheme of NAND 
EEPROM, writing is done while setting at OV the word lines 
of memory cells that are respectively located next to the both 
neighboring memory cells of a Selected memory cell, in 
order to preclude or avoid erroneous writing to a memory 
cell (for example, see FIG. 10(b) of Published Japanese 
Patent Application No. 2002-260390). 

SUMMARY OF THE INVENTION 

0013. It is therefore an object of the present invention to 
provide a nonvolatile Semiconductor memory device 
capable of avoiding write errors, an electronic card equipped 
with this memory device, and an electronic apparatus ulti 
lizing this electronic card. 

0014. In accordance with one form of the nonvolatile 
Semiconductor memory device in accordance with the 
present invention, the memory device includes a NAND cell 
with a plurality of electrically data rewritable memory cells 
which are connected in Series, word lines connected to 
control gates of the memory cells, a common Source line 
connectable to one end of the NAND cell, a bit line 
connectable to the other end of the NAND cell, and a word 
line control circuit. The word line control circuit is operable 
to Supply a word line of a Selected memory cell with a write 
Voltage for writing data into this memory cell, Supply a word 
line of a memory cell located on the common Source line 
Side by N (N is an integer greater than or equal to 2) cells 
from the Selected memory cell with a reference Voltage for 
causing this memory cell to cut off, Supply an auxiliary 
Voltage less than the write Voltage to respective word lines 
of N-1 memory cells located between the selected memory 
cell and the memory cell at the position of the N cells, and 
Supply to word lines of the other memory cells an interme 
diate Voltage between the write Voltage and the reference 
Voltage. 

0015. In accordance with another form of this invention, 
a nonvolatile Semiconductor memory device includes a 
NAND cell with a plurality of electrically data rewritable 
memory cells being connected in Series, word lines con 
nected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to the other end of the NAND cell, and a 
word line control circuit, wherein the word line control 
circuit Supplies a word line of a Selected memory cell with 
a write Voltage for writing data into this memory cell, 
Supplies word lines of memory cells respectively located on 
the common source line side and on the bit line side by N (N 
is an integer greater than or equal to 3) cells from the 
Selected memory cell with a reference Voltage for cutting 



US 2005/0105334 A1 

this memory cell off, Supplies an auxiliary Voltage less than 
the write voltage to respective word lines of N-1 memory 
cells located between the Selected memory cell and the 
memory cell at the position of the N cells, and Supplies to 
word lines of the other memory cells an intermediate Voltage 
between the write Voltage and the reference Voltage. 
0016. In accordance with still another form of the inven 
tion, a nonvolatile Semiconductor memory device includes a 
NAND cell with a plurality of electrically data rewritable 
memory cells being connected in Series, word lines con 
nected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to the other end of the NAND cell, and a 
word line control circuit, wherein the word line control 
circuit Supplies a word line of a Selected memory cell with 
a write Voltage for writing data into this memory cell, 
Supplies at least a word line of a memory cell located on the 
common Source line Side between memory cells located on 
the common source line side and on the bit line side by N (N 
is an integer greater than or equal to 2) cells from Said 
Selected memory cell, with a reference Voltage for cutting 
this memory cell off, Supplies an auxiliary Voltage less than 
the write voltage to respective word lines of N-1 memory 
cells located between the Selected memory cell and the 
memory cell which is at the position of the N cells and which 
has its word line to which the reference Voltage is Supplied, 
Supplies to word lines of the other memory cells an inter 
mediate Voltage between the write Voltage and the reference 
Voltage, and makes a timing for Supplying the auxiliary 
Voltage different from that of the intermediate Voltage. 
0.017. In accordance with a further form of the invention, 
a nonvolatile Semiconductor memory device includes a 
NAND cell with a plurality of electrically data rewritable 
memory cells being connected in Series, word lines con 
nected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to the other end of the NAND cell, and a 
word line control circuit, wherein the word line control 
circuit Supplies a word line of a Selected memory cell with 
a write Voltage for writing data into this memory cell, 
Supplies a word line of a memory cell located on the 
common Source line Side by N (N is an integer greater than 
or equal to 2) cells from the Selected memory cell with a 
reference Voltage for cutting this memory cell off, Supplies 
an auxiliary Voltage less than the write Voltage to respective 
word lines of N-1 memory cells located between the selected 
memory cell and the memory cell at the position of the N 
cells, Supplies an intermediate Voltage between the write 
Voltage and the reference Voltage to one of word lines 
located next to the word line of the selected memory cell 
which is a bit-line Side neighboring word line that is a word 
line on the bit line Side, Supplies the intermediate Voltage to 
word lines of the other word lines, and makes a timing for 
Supplying the auxiliary Voltage and a timing for Supplying 
the intermediate Voltage to the bit-line Side neighboring 
word line different from a timing for Supplying the inter 
mediate Voltage to the word lines of the other memory cells. 
0.018. In accordance with another further form of the 
invention, a nonvolatile Semiconductor memory device 
includes a NAND cell with a plurality of electrically data 
rewritable memory cells being connected in Series, word 
lines connected to control gates of the memory cells, a 
common Source line connectable to one end of the NAND 
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cell, a bit line connectable to a remaining end of the NAND 
cell, and a word line control circuit. The word line control 
circuit Supplies a word line of a Selected memory cell with 
a write Voltage for writing data into this memory cell, 
Supplies a word line of at least a memory cell located on the 
common Source Side of memory cells which are placed on 
the common Source line Side and on the bit line side by a 
degree corresponding to N cells (N is an integer greater than 
or equal to 2) from the Selected memory cell with a reference 
Voltage for causing this memory cell to cut off, Supplies a 
first auxiliary Voltage less than the write Voltage to a word 
line of one of memory cells located on both neighboring 
Sides of the Selected memory cell, which one is on the Side 
with a word line to which the reference Voltage is Supplied, 
respectively Supplies Second and third auxiliary Voltages leSS 
than the write Voltage to word lines of memory cells placed 
on both neighboring sides of the memory cell with the 
reference Voltage being Supplied to its word line, Supplies an 
intermediate Voltage between the write Voltage and the 
reference Voltage to a word line of at least one memory cell 
of the remaining memory cells except those memory cells 
located between the memory cell having Its word line to 
which the first auxiliary Voltage is Supplied and the memory 
cell having its word line to which the Second auxiliary 
Voltage is Supplied, and makes the Second and third auxiliary 
Voltages different in Supply timing from each other. 
0019. In accordance with a further form of the invention, 
a nonvolatile Semiconductor memory device includes a 
NAND cell with a plurality of electrically data rewritable 
memory cells being connected in Series, word lines con 
nected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to a remaining end of the NAND cell, and 
a word line control circuit. The word line control circuit 
Supplies a word line of a Selected memory cell with a write 
Voltage for writing data into this memory cell, Supplies a 
word line of a memory cell located on the common Source 
Side by a degree corresponding to N cells (N is an integer 
greater than or equal to 2) from the Selected memory cell 
with a reference Voltage for causing this memory cell to cut 
off, Supplies a first auxiliary Voltage leSS than the write 
Voltage to a word line of one of memory cells located on 
both neighboring Sides of the Selected memory cell, which 
one is on the common Source Side, respectively Supplies 
Second and third auxiliary Voltages less than the write 
Voltage to word lines of memory cells located on both 
neighboring Sides of a memory cell with its word line to 
which the reference Voltage is Supplied, Supplies a fourth 
auxiliary Voltage less than the write Voltage to a word line 
of one of the memory cells located on both neighboring sides 
of the Selected memory cell, which one is on the bit line Side, 
Supplies an intermediate Voltage between the write Voltage 
and the reference Voltage to a word line of at least one 
memory cell of the remaining memory cells except those 
memory cells located between the memory cell having its 
word line to which the first auxiliary Voltage is Supplied and 
the memory cell having its word line to which the Second 
auxiliary Voltage is Supplied, and makes the Second and third 
auxiliary Voltages different in Supply timing from each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a diagram schematically showing, in 
cross-section, a NAND cell equipped in a NAND type 
EEPROM in accordance with a first embodiment. 
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0021 FIG. 2 is a diagram pictorially representing a 
cross-sectional view of the structure of FIG. 1 as taken 
along line II(a)-II(b). 
0022 FIG. 3 shows an equivalent circuit of the NAND 
cell of FIG. 1. 

0023 FIG. 4 is an equivalent circuit diagram of part of 
a memory cell array in accordance with the first embodi 
ment. 

0024 FIG. 5 is an equivalent circuit diagram of a NAND 
cell including a “0” written memory cell in an ordinary 
example of a write operation of the NAND cell. 
0.025 FIG. 6 is a diagram showing a pictorial represen 
tation of the “0” written memory cell of FIG. 5. 
0026 FIG. 7 is an equivalent circuit diagram of a NAND 
cell including a “1” written memory cell in a general 
example of the write operation of the NAND cell. 
0027 FIG. 8 is a pictorial representation of the “1” 
written memory cell of FIG. 7. 
0028 FIG. 9 is a diagram pictorially showing a NAND 
cell including a “0” written memory cell in an improved 
example 1. 
0029 FIG. 10 is a pictorial diagram of a NAND cell 
including a “1” written memory cell in the improved 
example 1. 

0030 FIG. 11 is a timing chart for explanation of a write 
operation of the improved example 1. 
0.031 FIG. 12 is a diagram pictorially representing a 
NAND cell including a “0” written memory cell in an 
improved example 2. 

0032 FIG. 13 is a pictorial diagram of a NAND cell 
including a “1” written memory cell in the improved 
example 2. 

0.033 FIG. 14 is a timing chart for explanation of a write 
operation of the improved example 2. 
0034 FIG. 15 is a diagram pictorially illustrating a 
NAND cell including a “0” written memory cell in the first 
embodiment. 

0035 FIG. 16 is a pictorial diagram of a NAND cell 
including a “1” written memory cell in the first embodiment. 
0.036 FIG. 17 is a timing chart for explanation of a write 
operation of operation examples of the first embodiment. 
0037 FIG. 18 is a pictorial diagram of neighboring 
memory cells in the first embodiment. 
0038 FIG. 19 is a pictorial diagram of a NAND cell 
including memory cells subjected to “0” and “1” write in a 
Second embodiment. 

0039 FIG. 20 is a timing chart for explanation of a write 
operation of operation examples of the Second embodiment. 
0040 FIG. 21 is a pictorial representation of a NAND 
cell including memory cells subjected to “0” and “1” write 
in a third embodiment. 

0041 FIGS. 22A and 22B are timing charts for expla 
nation of a write operation of operation examples of a fourth 
embodiment. 
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0042 FIGS. 23A and 23B are timing charts for expla 
nation of a write operation in accordance with a fifth 
embodiment. 

0043 FIGS. 24A-24B are timing charts for explanation 
of a write operation in accordance with a sixth embodiment. 
0044 FIGS. 25A-25B are timing charts for explanation 
of a write operation in accordance with a Seventh embodi 
ment. 

004.5 FIG. 26 is an equivalent circuit diagram of a 
NAND cell for explanation of voltages to be applied to 
respective word lines in an eighth embodiment. 
0046 FIG. 27 is a timing chart for explanation of a write 
operation in accordance with the eighth embodiment. 
0047 FIG. 28 is an equivalent circuit diagram of a 
NAND cell for explanation of Voltages as applied to respec 
tive word lines in a ninth embodiment. 

0048 FIG. 29 is a timing chart for explanation of a write 
operation in accordance with the ninth embodiment. 
0049 FIG. 30 is a diagram which shows a write scheme 
applicable to this embodiment and which is a pictorial 
representation of a NAND cell including “0”- and “1”- 
written memory cells. 
0050 FIG. 31 is a block diagram showing an overall 
configuration of a NAND type EEPROM in accordance with 
an embodiment of this invention. 

0051 FIG. 32 is a diagram showing a perspective view 
of an electronic card and electronic apparatus in accordance 
with an embodiment of the invention. 

0052 FIG. 33 shows a basic configuration of a digital 
Still camera which is a first example of the electronic 
apparatus in accordance with the embodiment of this inven 
tion. 

0053 FIG. 34A is a diagram showing a video camera 
which is a Second example of the electronic apparatus in 
accordance with the embodiment of this invention. 

0054 FIG. 34B is a diagram showing a television set 
which is a third example of the electronic apparatus in 
accordance with the embodiment of the invention. 

0055 FIG. 34C is a diagram showing an audio equip 
ment which is a fourth example of the electronic apparatus 
in accordance with the embodiment of the invention. 

0056 FIG. 34D is a diagram showing a video game 
console which is a fifth example of the electronic apparatus 
in accordance with the embodiment of the invention. 

0057 FIG. 34E is a diagram showing an electronic 
music instrument which is a sixth example of the electronic 
apparatus in accordance with the embodiment of the inven 
tion. 

0.058 FIG. 34F is a diagram showing a cellular mobile 
telephone handset which is a Seventh example of the elec 
tronic apparatus in accordance with the embodiment of the 
invention. 

0059 FIG. 34G is a diagram showing a personal com 
puter which is an eighth example of the electronic apparatus 
in accordance with the embodiment of the invention. 
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0060 FIG. 34H is a diagram showing a personal digital 
assistant (PDA) which is a ninth example of the electronic 
apparatus in accordance with the embodiment of the inven 
tion. 

0061 FIG. 34 is a diagram showing a voice recorder 
which is a tenth example of the electronic apparatus in 
accordance with the embodiment of the invention. 

0.062 FIG. 34.J is a diagram showing a PC card which is 
an eleventh example of the electronic apparatus in accor 
dance with the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0.063 Embodiments of the present invention will be 
explained while dividing the description into items which 
follows. 

0064.) First Embodiment 
0065 1. NAND Cell Structure 
0.066 2. NAND Cell Operation 
0067 (1) General Operation Example of NAND 
Cell 

0068 (2) Improved Example 1 
0069 (3) Improved Example 2 

0070 (4) NAND Cell Operation Example of First 
Embodiment 

0.071) Second Embodiment 
0072 Third Embodiment 
0073 Fourth Embodiment 
0074 Fifth Embodiment 
0075 Sixth Embodiment 
0076) Seventh Embodiment 
0077. Eighth Embodiment 
0078 Ninth Embodiment 
0079 Combination of Respective Embodiments 
0080 Circuit Blocks of Embodiment of the Invention 
0081. Application to Electronic Card and Electronic 
Apparatus 
0082 It should be noted that in the drawings for expla 
nation of respective embodiments, the same reference char 
acters are used to denote parts or components which are the 
Same as those indicated by reference characters in the 
drawings as has already been explained, with explanations 
thereof eliminated. 

First Embodiment 

0083) 1. NAND Cell Structure 
0084 FIG. 1 is a pictorial representation of a cross 
section of a NAND cell which is equipped in a NAND type 
EEPROM in accordance with a first embodiment. FIG. 2 
depicts a cross-sectional view of the NAND cell as taken 
along line II(a)-II(b) of FIG. 1. FIG. 3 is an equivalent 
circuit diagram of the NAND cell of FIG. 1. 
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0085. As shown in FIGS. 1-3, the NAND cell 1 is 
structured so that sixteen (16) memory cells MC0 to MC15 
are formed in a Semiconductor Substrate 3 of the lightly 
doped p (p) conductivity type. These memory cells may 
also be referred to as memory transistors and are nonvolatile 
cells capable of electrically rewriting data. Each memory 
cell is the same in Structure as the others. Taking the memory 
cell MCO as an example, this cell has impurity regions 5 
(Source/drain) of heavily-doped n (n) type which are 
formed in a surface of the Substrate 3 with a predetermined 
distance or interval provided, a channel region 7 which is 
located between adjacent ones of the impurity regions 5 in 
the substrate 3, an element isolating dielectric film 9 which 
is formed around the regions 5 and 7, a floating gate 13 that 
is formed above the channel region 7 with a gate insulation 
film 11 interposed therebetween and a word line WLO as 
formed above the floating gate 13 with a dielectric film 15 
Sandwiched therebetween in Such a way as to extend in a 
specified direction. A portion of the word line WL0 which is 
positioned above floating gate 13 functions as a control gate 
16 (FIG. 2). Hence, the word line is to be connected to the 
control gate. Additionally, a floating gate layer FG indicates 
an electrically conductive layer in which the floating gate 13 
is formed, whereas a control gate CG indicates a conductive 
layer with formation of the control gate 16 therein. 

0086) The NAND cell 1 is arranged so that sixteen 
memory cells are connected in Series together while letting 
a Source/drain be shared by neighboring one of these cells. 
Although the explanation here assumes that the number of 
the memory cells making up the NAND cell 1 is sixteen 
(16), the number of memory cells may alternatively be eight 
(8), thirty two (32), sixty four (64), or else. 
0087. On the side of the memory cell MC0, a select 
transistor Tr1 having a select gate line SG1 is formed. One 
end of a current flow path of this transistor Tr1 is connected 
through the impurity region 5 to one end of a current flow 
path of the memory cell MC0. The select transistor Tr1 is for 
control of electrical connection and disconnection between 
the NAND cell 1 and a common Source line CELSRC 
asSociated therewith. In this way, the common Source line 
CELSRC is designed so that this line is connectable to the 
one end of NAND cell 1 via the select transistor Tr1. 

0088. On the other hand, on the side of the memory cell 
MC15, a select transistor Tr2 having a select gate line SG2 
is formed. The select transistor Tr2 is Such that one end of 
a current flow path is connected through an impurity region 
5 to one end of a current flow path of memory cell MC15. 
Transistor Tr2 controls connection and disconnection 
between the NAND cell 1 and its associative bit line BL. In 
brief, the bit line BL is made connectable to the other end of 
NAND cell 1. AS has been stated above, the select transistor 
Tr1, memory cells MC0-15 and select transistor Tr2 are 
connected in Series, wherein the bit line BL is connected to 
one end of a current flow path of this Series-connection, 
while the common source line CELSRC is coupled to the 
other end thereof. Note that a conductive film 17 is present 
above the select gate line SG1, SG2. The conductive film 17 
may be designed So that it is connected to Select gate line 
SG1, 2 or alternatively is Set in a floating State. 

0089. A first interlayer dielectric film 19 is formed to 
cover or coat the memory cells MC0-15 and select transis 
tors Tr1-2. A first conductive layer MO is formed on the first 



US 2005/0105334 A1 

interlayer dielectric film 19. The conductive layer MO 
includes the common source line CELSRC and shunt wiring 
lines 18 of select gates SG1-SG2 and others. The common 
Source line CELSRC is connected to one end of the current 
flow path of Select transistor Tr1, that is, an n-type impurity 
region 21 that is formed in the Semiconductor Substrate 3. 
This connection portion is called a cell-Source contact CSC. 
0090. A second interlayer dielectric film 22 is formed to 
cover the first conductive film M0. A second conductive 
layer M1 is formed on or above the second interlayer 
dielectric film 22. The layer M1 includes the bit line BL that 
extends in a direction crossing the word lines WL0-15. The 
bit line BL is connected to one end of the current flow path 
of Select transistor Tr2, i.e., coupled to an n-type impurity 
region 21 formed in the semiconductor Substrate 3. This 
connection part is called a bitline contact BLC. Optionally, 
the NAND cell 1 may be formed in a p-type well region as 
formed in the semiconductor Substrate 3. 

0.091 NAND cells 1 are laid out and organized into a 
matrix form (one example of array form) to thereby arrange 
a memory cell array 23. FIG. 4 is an equivalent circuit 
diagram of part of the memory cell array 23. The memory 
cell array 23 is subdivided into a plurality of blocks BK. An 
area that is surrounded by broken lines in FIG. 4 becomes 
a single block BK. Operations Such as reading and writing 
are usually executed while Selecting one from among the 
multiple blocks BL. 
0092 Word lines WL0-15 are disposed in each block BK 
So that a respective one is connected in common to those 
memory cells in the same row of each block BK. The select 
gate line SG1, 2 also is commonly connected to the same 
row of select transistors of block BK respectively. A plural 
ity of bit lines BL are made connectable to the same column 
of NAND cells of the memory cell array 23 respectively. 
0093. 2. NAND Cell Operation 
0094 Prior to explaining about an operation of the 
NAND cell in accordance with the first embodiment, in 
order to facilitate the understanding of this operation, an 
explanation will first be given of (1) a general operation 
example of the NAND cell, (2) an improved example 1, and 
(3) an improved example 2. Thereafter, (4) an operation 
example of the NAND cell in accordance with the first 
embodiment will be set forth in the description. 

(1) GENERAL OPERATION EXAMPLE OF 
NAND CELL 

0.095 A write or “programming” operation will be 
explained with reference to FIGS. 5 to 8. FIG. 5 is an 
equivalent circuit diagram of a NAND cell including a 
memory cell which is subjected to “0” programming. FIG. 
7 is that in the case of “1” program. The NAND cell 1 of 
FIG. 5, 7 is the same as the NAND cell 1 of FIG. 3. FIG. 
6 is a pictorial representation of the memory cell to which 
“0” program is performed; FIG. 8 is that in the case of “1” 
program. 

0.096 Programming is executed after having set the 
NAND cell 1 in an erase state-that is, after the threshold 
voltage of each memory cell of NAND cell 1 is set in a 
negative Voltage State. A program operation is started at a 
memory cell MCO which is at a position furthest from the 
bitline contact BLC, i.e. the memory cell on the source line 
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CELSRC side, and then sequentially performed relative to 
its following ones. An explanation will be given under an 
assumption that program is done to a memory cell MC3. 
0097 Firstly, in the case of performing “0” programming, 
as shown in FIGS. 5 and 6, apply VCC (power supply 
voltage) for example to the Select gate line SG2 to thereby 
cause Select transistor Tr2 to turn on, while at the same time 
setting bit line BL at OV (ground voltage). Note that select 
gate line SG1 is at OVso that select transistor Tr1 maintains 
its turn-off state. 

0098 Next, supply a write or “program” voltage Vpgm 
(about 20V) to a word line WL3 of memory cell MC3 while 
Supplying an intermediate or “mid-level” Voltage Vpass 
(about 10V) to the other word lines. As the voltage of bit line 
BL is OV, its Voltage is transferred up to the channel region 
7 of the selected memory cell MC3. In short, the potential of 
channel region 7 is kept at OV. 
0099. Since a potential difference between the word line 
WL3 (control gate) and the channel region 7 is significant, 
electrons e are injected into the floating gate 13 of memory 
cell MC3 due to the flow of a tunnel current. Whereby, the 
threshold voltage of memory cell MC3 becomes in a posi 
tive state (“0”-written state). 
0100. On the other hand, the case of performing a “1” 
program operation will be explained with reference to 
FIGS. 7 and 8, while focusing on different points from the 
above-stated “0” program. First, set the bit line BL at VCC 
(Supply voltage), for example. As the Voltage of Select gate 
line SG2 is VCC, the select transistor Tr2 is driven to cut off 
when the voltage of channel region 7 becomes at VCC 
minus Vth (VCC-Vth, where Vth is the threshold voltage of 
select transistor Tr2). Thus, the channel region 7 becomes in 
the floating state with its voltage equal to VCC-Vth. 
0101 Next, when supplying the program voltage Vpgm 
(about 20V) to the word line WL3 while supplying the 
mid-level voltage Vpass (about 10V) to the other word lines, 
the Voltage of channel region 7 potentially rises up from 
VCC-Vth to about 8V, for example, due to the presence of 
capacitive coupling between each word line (control gate) 
and the channel region 7. 
0102) As the voltage of the channel region 7 is potentially 
raised or "boosted' to a high Voltage, unlike the case of the 
“0” program, the potential difference between word line 
WL3 (control gate) and channel region 7 is less. Therefore, 
the floating gate 13 of memory cell MC3 experiences no 
electron injection due to a tunnel current. Hence, the thresh 
old Voltage of memory cell MC3 is kept in a negative State 
(“1”-written state). 
0103). It should be noted that the program operation is 
acceleratable by performing programming of those memory 
cells that are common-coupled to a single word line at a time 
in the So-called “all-at-once” write fashion (for example, 
simultaneous writing of 2 kilobytes or 512 bytes of data). 
0104. An explanation will next be given of an erase 
operation of general operation examples of the NAND cell. 
Erasing is simultaneously performed with respect to all the 
memory cells within a block BK (FIG. 4) of a selected 
NAND cell. More specifically, set every word line within the 
Selected block BK at OV, and apply a high voltage (e.g. about 
22V) to the semiconductor substrate 3 (see FIG. 1; option 
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ally, a p-type well in case the NAND cell is formed in the 
p-well). Regarding the bit line, Source line, word lines within 
non-Selected blocks and all the Select gate lines, Set these 
lines in the floating state. Whereby, in all the memory cells 
within the selected block BK, electrons on their floating 
gates are released and drawn out to the Semiconductor 
Substrate due to tunnel currents. As a result of this, the 
threshold Voltages of these memory cells shift in the nega 
tive direction. 

0105. A read operation is as follows. Let the word line of 
a memory cell of a block which is selected for read be set at 
OV for example, and set the word lines of those memory 
cells that are not Selected for read and the Select gate lines 
at either VCC (power Supply voltage) or a read-use voltage 
which is a little higher in potential than the Supply Voltage. 
Whereby, detect whether a current flows in the read-selected 
memory cell. 

(2) IMPROVED EXAMPLE 1 
0106 An improved example 1 is of the so-called “local 
self-boost (LSB)” scheme. At the time of “1” programming, 
if a Voltage rise-up of channel region is less, then electrons 
are injected into a floating gate due to a tunnel current; thus, 
the resulting operation becomes “0” program. In order to 
prevent failure of this program operation, the improved 
example 1 is arranged to set at OV the word lines of 
neighboring memory cells on the both Sides of a memory 
cell that is Selected for write, thereby to program data therein 
in a state that the both neighboring or “next-door memory 
cells are forced to cut off. Whereby, in the case of “1” 
program, it is possible to potentially raise or boost the 
channel of Such Selected memory cell while letting this 
channel be set in the floating State in which it is electrically 
Separated or isolated from the channels of the remaining 
memory cells. This makes it possible to enlarge the potential 
increase of the channel region. Below is an explanation of an 
operation of the improved example 1 with reference to 
drawings. 
0107 FIG. 9 is a pictorial representation of a NAND cell 
including a memory cell into which a logic “0” is written or 
programmed in the improved example 1. FIG. 10 shows a 
case where “1” write is done. FIG. 11 is a timing diagram 
for explanation of program operations in these cases. AS for 
a comparative example, an explanation will be given while 
focusing on different points from general operation 
examples of the NAND cell. 
0108) (“0” Write) 
0109 (a) As shown in FIGS. 9 and 11, set a bit line BL 
at OV. Memory cells MC3-MC15 are electrically conducted 
with the bit line BL, since their threshold levels are negative 
Voltages. Hence, the channel regions 7 of these memory 
cells MC3-15 are potentially set at OV. 
0110 (b) While maintaining at 0V the voltages of word 
lines WL2 and WL4 of memory cells MC2 and MC4 that are 
located next to the selected memory cell MC3 the both sides 
thereof, first set the voltages of word lines WLO-WL1 and 
WL5-15 at Vpass (10V), and then set the word line WL3 at 
Vpgm 20V). Whereby, electrons e are injected to the floating 
gate 13 of memory cell MC3 due to the flow of a tunnel 
current in a Similar way to the case of the general operation 
example shown in FIG. 6. Thus, the threshold voltage of 
memory cell MC3 becomes in the positive state (“0”-written 
State). 
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0111] (“1” Write) 
0112 (a) As shown in FIGS. 10 and 11, potentially raise 
the voltage of a bit line at VCC, resulting in the channel 
region 7 becoming in the floating State with its potential of 
VCC-Vth, as has been explained in the general operation 
example. The voltages of word lines WL2 and WL4 are held 
at OV so that memory cells MC2 and MC4 are driven to cut 
off. 

0113) (b) In this state, set the voltages of word lines 
WL0-WL1 and WL5-15 at Vpass (10V). With this voltage 
rise-up, the channel regions 7 of memory cells MC0-15 
potentially Increase due to the capacitive coupling. More 
precisely, the potentials of the channel regions 7 of memory 
cells MC0-1 rise up to Vch1, and the channel regions 7 of 
memory cells MC5-15 potentially rise up to Vch3, respec 
tively. As the word lines WL2 and WL4 are held at OV and 
simultaneously the word line WL3 also is OV at this time 
point, the channel region 7 of memory cell MC3 does not 
experience any potential rise-up due to word lines WL2-4. 
However, the channel region 7 of memory cell MC3 poten 
tially rises up to Vch2 with an increase in potentials of its 
both-side channel regions to Vch1 and Vch3 respectively. 
Vch2 is almost equal to Vth, a magnitude with a voltage 
drop of the lager threshold voltage of the memory cell MC2, 
4. 

0114 (c) And, as a result of setting the voltage of word 
line WL3 at Vpgm (20V), the potential Vch2 of the channel 
region 7 of memory cell MC3 further increases up to a 
potential Vch2" (around 8V for example). Whereby, the 
potential difference between the word line WL3 and the 
channel region 7 of memory cell MC3 becomes Smaller. 
Thus, any electron injection due to a tunnel current no longer 
occurs at the floating gate 13 of memory cell MC3. Hence, 
the threshold voltage of memory cell MC3 is held in the 
negative State (“1”-written State). 

(3) IMPROVED EXAMPLE 2 
0115) An improved example 2 is of the "erase area 
self-boost (EASB)” scheme. In this scheme, set at OV the 
word line of certain one of the both-Side neighboring 
memory cells of a memory cell being Selected for data write 
which is located on the common Source line Side, thereby 
performing data programming while in the State that this 
memory cell is caused to cut off. Whereby, in the case of “1” 
program, it is possible to potentially boost the channel of 
Such Selected memory cell while at the same time letting this 
channel be in the floating State in which it is disconnected 
and isolated from the channel of the memory cell that is 
positioned on the common Source line Side. As a result, it is 
possible to enlarge the Voltage rise-up of the channel region. 
0116 Below is an explanation concerning the improved 
example 2 while focussing on differences from the improved 
example 1 by use of drawings. FIG. 12 is a pictorial 
representation of a NAND cell which includes a “0”-written 
memory cell in the improved example 2, which corresponds 
to FIG. 9. FIG. 13 shows a case where “1” write or 
programming is performed, which corresponds to FIG. 10. 
FIG. 14 is a timing chart for explanation of write operations 
of them, which corresponds to FIG. 11. 
0117. A “0” program operation of the improved example 
2 is similar to the “0” program of the improved example 1 
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as has been set forth in FIG. 9, except that a word line WL4 
performs the same operation as the word lines WL0-1 and 
WL5-15 as shown in FIGS. 12 and 14. 

0118. On the other hand, as shown in FIGS. 13-14, a “1” 
program operation of the improved example 2 also is Such 
that the word line WL4 performs the same operation as the 
word lines WL0-1 and WL5-15. Whereby, the operation of 
(a) of (“1” Write) of the improved example 1 is such that in 
the improved example 2, either one of the memory cells 
MC2 and MC4-here, memory cell MC2 is driven to cut 
off. 

0119) And in the improved example 2, (b) of (“1” Write) 
of the improved example 1 becomes as follows. Regarding 
the channel region 7 of memory cell MC3, its both-side 
channel regions potentially rise up to Vch1 and Vch3 
respectively. With Such potential rise-up, a portion of the 
channel region 7 of memory cell MC3 which is on the 
common source line CELSRC side is charged up Vch2, 
which is about the significance IVth, a magnitude with a 
Voltage drop of the larger threshold Voltage of the memory 
cells MC2, 3, whereas a portion on the bit line BL side is 
potentially boosted due to the capacitive coupling to reach a 
potential level of Vch3. 
0120 Additionally, (c) of (“1” Write) of the improved 
example 2 is described below. A result of Setting the Voltage 
of word line WL3 at Vpgm (20V), the potential of the 
channel region 7 of memory cells MC3 to MC15 becomes 
the same (Vch2-Vch3) and goes up to Vch4 (around 8V for 
example). Whereby, the potential difference between the 
word line WL3 and the channel region 7 of memory cell 
MC3 becomes Smaller. Thus, any electron injection due to 
tunnel current no longer occurs at the floating gate 13 of 
memory cell MC3, Hence, the threshold voltage of memory 
cell MC3 is held in the negative state (“1” written state). 

(4) NAND CELL OPERATION EXAMPLE OF 
FIRST EMBODIMENT 

0121. In a first embodiment, set a word line WL1 at OV, 
unlike the improved example 2 of FIGS. 12-13 which sets 
the word line WL2 at OV. This is aimed at reduction of 
coupling noises. First, this noise problem will be explained. 
0.122 Owing to advances in microfabrication technolo 
gies, the distance between word lines of Semiconductor 
memory devices is becoming Shorter. Nonvolatile Semicon 
ductor memory devices among Semiconductor memory 
devices are Such that a relatively high Voltage is Supplied to 
word lines during operations thereof. Due to this, when a 
word line Significantly changes or Swings in potential with 
an increased amplitude, its neighboring word lines on the 
both Sides also increase in Voltage variation due to the 
presence of capacitive coupling between the word lines. This 
is called the coupling noise. 
0123) Next, an explanation will be given of a write error 
or failure which results from the coupling noise. In the 
improved example 2 shown in FIG. 13, the voltage (Vpgm) 
of word line WL3 is larger than the voltage (Vpass) of word 
line WL0, 1. Accordingly, in order to prevent electrons from 
being injected to the floating gate 13 of the memory cell 
MC3 to be subjected to “1” program, it is required that Vch2 
be larger than Vch1. In the improved example 2, the memory 
cell MC2 is driven to cut off, causing the channel 7 with its 
voltage of Vch1 to be separated from the channel 7 with the 
voltage Vch2. 
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0.124. In contrast, at the word line WL2 that is fixed to OV, 
coupling noises take place upon potential rise-up of the word 
lines WL1 and WL3 respectively. Due to this noise genera 
tion, when the word line WL2 potentially rises up, the 
memory cell MC2 fails to cut off resulting in leakage of 
electrons of the channel 7 with the voltage Vch2. If the 
leakage electrons are great in number, Vch2 decreases 
causing the potential difference between Vch2 and word line 
WL3 to increase accordingly. As a result, electrons are 
injected into the floating gate 13 of memory cell MC3, 
causing the memory cell MC3 to become higher in threshold 
Voltage. When the electrons being injected increase in 
number, the cell becomes in the “0” write state (write error). 
0.125. According to an operation example of the first 
embodiment to be next explained, it is possible to avoid 
write errors otherwise occurring due to coupling noises. The 
operation example of the first embodiment will be set forth 
with reference to FIGS. 15-17. FIG. 15 is a pictorial 
representation of a NAND cell which includes a “0”-written 
memory cell, which corresponds to FIG. 12. FIG. 16 shows 
an event that “1” write is performed, which corresponds to 
FIG. 13. FIG. 17 is a timing chart for explanation of a write 
operation out of operation examples of the first embodiment, 
which corresponds to FIG. 14. 
0.126 Note here that a write or “program” voltage as used 
herein is a Voltage which is Supplied to the word line of a 
Selected memory cell in order to write data into this memory 
cell. A reference Voltage is a Voltage that is Supplied to the 
word line of a memory cell in order to cause this memory 
cell to cut off. An auxiliary Voltage is a Voltage which is 
Supplied to the word line of a memory cell that is located 
between the above-noted selected memory cell and the 
memory cell to be cut off, and which is less in potential than 
the program Voltage. An intermediate Voltage, also called the 
mid-level Voltage, is a Voltage which is potentially midway 
between the Voltage being Supplied to the remaining word 
lines and the reference Voltage. 
0127. For example, the program voltage is set at 20V. The 
mid-level voltage is 10V. The auxiliary voltage is at a 
potential level Same as that of the mid Voltage or is alter 
natively a Voltage that is lower than the program Voltage and 
yet higher than the power Supply Voltage. The reference 
Voltage is greater than or equal in potential to ground 
potential (OV) and yet less than the auxiliary voltage. 
0128. As shown in FIGS. 15-17, the first embodiment is 
different from the comparative example 2 in that the refer 
ence voltage of OV is supplied to word line WL1 and that an 
auxiliary voltage Vpass2 is supplied to word line WL2. At 
the time of “1” programming, in the first embodiment, the 
following Voltage application is performed: the program 
voltage Vpgm is supplied to the word line (WL3 in FIG.16) 
of a memory cell which is selected for data write; the 
reference voltage of OV is applied to the word line (WL1 in 
FIG. 16) of a memory cell that is located closer to the 
common Source-line Side from this Selected memory cell by 
a distance equivalent to two cells, the auxiliary Voltage 
Vpass2 is applied to the word line (WL2 in FIG. 16) of a 
memory cell that is positioned between this memory cell 
residing closer by two cells to the common Sourceline Side 
and the above-noted Selected memory cell; and, the mid 
level voltage Vpass1 is supplied to the word lines (WL0 and 
WL4-15 in FIG.16) of the remaining memory cells, respec 
tively. 
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0129. Accordingly, the mid voltage Vpass 1 and the aux 
iliary Voltage Vpass2 are Supplied to the word lines of the 
neighboring memory cells (MC0 and MC2 in FIG. 16) on 
the both side of the memory cell (MC1 in FIG. 16) to be cut 
off, respectively. Hence, in the first embodiment, the pro 
gram Voltage Vpgm that is a high Voltage is not Supplied to 
the both-Side neighboring memory cells of the memory cell 
to be cut off; thus, it is possible to reduce coupling noises 
otherwise occurring at the word line of Such memory cell 
being cut off. This makes it possible to Suppress a potential 
rise-up of the word line of the cutoff-required memory cell, 
thereby enabling Successful execution of the cut-off opera 
tion with increased reliability. As a result, it is possible to 
prevent “0” programming from being performed at the time 
of “1” programming. AS Stated above, in accordance with 
the first embodiment, it is possible to avoid write errors even 
when the distance between word lines becomes shorter. In 
addition, owing to the reduction of coupling noises, it 
becomes possible to increase potential rise-up Speeds or 
boost rates of the program Voltage, the mid Voltage and the 
auxiliary Voltage whereby another advantage is also obtain 
able as to an ability to perform program operations at high 
Speeds. 
0130. As shown in FIG. 18, especially in cases where the 
distance D between word lines is less than or equal to 90 
nanometers (nm) or in case the ratio of a word line thickness 
T to wordline distance D is more than or equal to three (3), 
the risk of coupling noises becomes more appreciable. In 
these cases, the first embodiment becomes effective. 
0131. Also importantly, the first embodiment is appli 
cable not only to Schemes for letting a single memory cell 
store one bit of data (“0” or “1”) but also to schemes 
(multi-value Storage Schemes) for permitting a memory cell 
to store therein multiple bits of data (for example, “00,"01, 
"10,” or “11”). In the case of multi-value storage schemes, 
control is done in a single memory cell to make its threshold 
Voltage different in a way pursuant to the data to be written, 
thereby realizing Storage of multiple bits of data in a Single 
memory cell. Hence, in the multivalue Storage Schemes, 
leakage can take place at the channel of a data-written 
memory cell, resulting in the memory-cell threshold-Voltage 
control becoming more difficult when the memory cell 
becomes higher in threshold Voltage. For this reason, the 
first embodiment is effective in particular in the case of 
multivalue Storage Schemes. This can also be Said in the 
other embodiments as will be described later. 

0.132. It should be noted that in the first embodiment, the 
auxiliary Voltage Vpass2 is set at the same value as the 
mid-level voltage Vpass 1 to thereby attain simplification of 
a wordline control circuit (FIG. 27) to be later explained. 
However, it is also permissible to make the auxiliary Voltage 
Vpass2 different from the mid voltage Vpass1 in view of 
coupling noises or the like. 

Second Embodiment 

0133. It is possible to obtain effects and advantages 
Similar to those of the first embodiment Stated Supra in case 
the reference Voltage is Supplied to the word line of a 
memory cell which is located relatively closer to the com 
mon Source-line side by a distance equivalent to N cells (N 
is an integer more than or equal to 2) from a selected 
memory cell. In the first embodiment, a case where N is 2 
is stated. A case where N is 3 will be explained in a second 
embodiment below. 
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0134 FIG. 19 is a pictorial representation of a NAND 
cell which includes memory cells into which “0” and “1” are 
written. FIG. 20 is a timing chart for explanation of a write 
operation out of operation examples of the Second embodi 
ment. 

0.135 The number of memory cells making up the NAND 
cell 1 is thirty two (MC0 to MC31), for example. The 
program voltage Vpgm is supplied to the word line WL10 of 
a memory cell MC10. The reference voltage of OV is 
supplied to the word line WL7 of a memory cell MC7 which 
is positioned adjacent to the common source-line CELSRC 
side from this memory cell MC10 by a distance equivalent 
to three cells. The auxiliary Voltage Vpass2 is Supplied to the 
word lines WL8 and WL9 of memory cells MC8-9 which 
are located between the memory cell MC7 and the memory 
cell MC10. The mid-level voltage Vpass1 is applied to the 
remaining word lines WL0-6 and WL11-31. 
0.136. As the miniaturization of memory cells advances, 
the channels of Such memory cells decrease in capacitance. 
Due to this, upon leakage of electrons from the channel of 
a memory cell that is Subjected to “1” programming, this 
channel becomes larger in amount of potential decrease or 
drop-down. Hence, the risk of erroneous “0” programming 
increases accordingly. In the Second embodiment, letting N 
be 3 makes it possible to increase in number those memory 
cells (MC8-9 in FIG. 19) which are between a selected 
memory cell (MC10 in FIG. 19) and the memory cell to be 
cut off (MC7 in FIG. 19), when compared to the first 
embodiment. Thus it is possible to increase the number of 
memory cells having channels connected to the Selected 
memory cell-in other words, it is possible to increase the 
capacitance values of the channels as connected to the 
channel of the Selected memory cell. Due to this, it is 
possible to lessen the potential drop-down amount of the 
above-noted channel to thereby enable prevention from 
occurrence of write errors. 

0.137 Although in the second embodiment the explana 
tion above assumes the cell number is three (3), the value of 
N may also be made larger than 3 since the number of 
memory cells making up the NAND cell 1 can be increased. 

Third Embodiment 

0138 FIG. 21 is a pictorial representation of a NAND 
cell including memory cells into which “0” and “1” are 
written, which corresponds to FIG. 19 of the second 
embodiment. A third embodiment is the one that permits the 
reference voltage of OV to be supplied to the word line 
WL13 of a memory cell MC13 in the structure of FIG. 19. 
More specifically, the reference Voltage is Supplied to the 
word lines of certain memory cells which are placed closer 
to the common Sourceline Side and the bitline Side respec 
tively by a distance corresponding to three cells from a 
Selected memory cell. Note that the program Voltage Vpgm 
is Supplied to the word line of the Selected memory cell 
Stated above. The auxiliary Voltage Vpass2 is Supplied to the 
word lines of those memory cells that are located between 
the Selected memory cell and the memory cell at the position 
of N cells. The mid-level voltage Vpass1 is fed to the word 
lines of the remaining memory cells. 
0.139 For the same reason as the first embodiment, it 
becomes possible for the third embodiment to reduce cou 
pling noises otherwise occurring at the word lines (WL7 and 
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WL13 in FIG. 21) of the memory cells to be cut off (MC7 
and MC13 in FIG. 21). Thus it is possible to prevent “0” 
programming from being erroneously performed to a 
memory cell that is to be Subjected to “1” program. 

0140 AS in the second embodiment, the third embodi 
ment also becomes effective for decreases in channel capaci 
tances of memory cells occurring due to the miniaturization 
of such memory cells. Note that although in the third 
embodiment the explanation was given under an assumption 
that the cell number N is 3, it is also possible to make the 
value of N larger than 3. 

Fourth Embodiment 

0141 FIG. 22A is a timing chart for explanation of a 
write operation out of operation examples of a fourth 
embodiment, which corresponds to FIG. 17 of the first 
embodiment. The fourth embodiment is different from the 
first embodiment in that the timing for Supplying the aux 
iliary Voltage is delayed So that it comes after the timing for 
Supplying the mid-level Voltage. Explaining this point illus 
tratively, the first embodiment is such that the auxiliary 
Voltage is designed to start up its potential rise-up at time 
point t1, Simultaneously when the mid Voltage rises up in 
potential. In contrast, in the fourth embodiment, the poten 
tial rise-up of the mid Voltage gets Started at time point t1; 
thereafter, with a certain delay, the potential riseup of the 
auxiliary Voltage gets Started at time point t2. This brings 
effects and advantages which follow. 
0142 (a) In the first embodiment, the neighboring word 
lines (WL0 and WL2 in FIG. 17) on the both sides of a word 
line to which the reference Voltage is Supplied are driven to 
potentially rise up Simultaneously. The reference Voltage 
Supplied word line receives the capacitive coupling influ 
ences from the both-Side neighboring ones at the same time 
So that a relatively large coupling noise N1 takes place. 

0143. In contrast, the fourth embodiment is arranged to 
first perform potential raise-up of one of the neighboring 
word lines on the both sides of the reference voltage 
supplied word line which is the word line (WL0 in FIG. 
22A) to which the mid-level voltage is Supplied, and then, 
with a time delay, potentially raise up the word line (WL2 
in FIG. 22A) to which the auxiliary voltage is supplied. 
0144. In this way, in the fourth embodiment, the auxiliary 
Voltage and the mid-level Voltage are made different from 
each other in Voltage Supply timing by letting the auxiliary 
Voltage be slower in Supply timing than the mid Voltage. 
With Such an arrangement, a time difference is forced to 
occur in potential rise-up events of the neighboring word 
lines which are located on the both sides of the word line to 
which the reference Voltage is Supplied. Accordingly, the 
coupling noise that the reference Voltage-Supplied word line 
is expected to receive from its both-Side neighboring word 
lines is dispersed into noise components N2 and N3. Thus it 
is possible for the fourth embodiment to SuppreSS a potential 
rise-up of the reference Voltage-Supplied word line in com 
parison with the first embodiment. As a result, it is possible 
to avoid the risk that “0” programming is erroneously 
performed to the memory cell MC which should be sub 
jected to “1” programming. 

0145 (b) For instance, as shown in FIG. 17, it sometime 
happens that the potential rise-up of a word line to which the 
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write or program Voltage is Supplied results in generation of 
a coupling noise N4 on a word line to which the auxiliary 
Voltage is Supplied. Whereby, there is a risk that the auxiliary 
Voltage-Supplied word line rises up in potential, which leads 
to occurrence of a write error or failure at a memory cell 
(MC2) having this word line. Prior to completion of the 
potential rise-up of the auxiliary Voltage-Supplied word line, 
the influenceability of the riseup of the program Voltage 
Supplied word line stays leSS when compared to after 
completion thereof. 
0146). In the first embodiment of FIG. 17, after having 
completed (at time point t3) the potential rise-up of the 
auxiliary Voltage-Supplied word line, the potential riseup of 
the program Voltage-Supplied word line gets started (at time 
t2). In contrast, in the fourth embodiment of FIG. 22A, 
potential riseup of the auxiliary Voltage-Supplied word line 
and that of the program Voltage-Supplied word line get 
Started Simultaneously (at time t2). More specifically, prior 
to completion of potential riseup of the auxiliary Voltage 
Supplied word line, the program Voltage-Supplied word line 
Starts its potential riseup. Thus it is possible to Suppress 
unwanted potential increase of the auxiliary Voltage-Sup 
plied word line, when compared to the first embodiment of 
FIG. 17. 

0147 The same can also be said with respect to one of the 
neighboring word lines on the both sides of the word line 
(WL3) of a selected memory cell, which is the bitline side 
neighboring word line (WL4) that is a word line on the 
bitline side. Accordingly, as shown in FIG. 22B, it is 
preferable to perform potential riseup of this word line at the 
Same time when the auxiliary Voltage-Supplied word line 
(WL2) and the program voltage-supplied word line (WL3) 
potentially rise up (at time point t2). 
0148 (c) Note that the fourth embodiment is arranged in 
a similar way to the first embodiment so that word lines 
(WL0 and WL2 in FIG. 22A) which are next to the 
reference Voltage-Supplied word line on the both sides 
thereof are supplied with either the mid-level voltage or the 
auxiliary Voltage, rather than the program Voltage. Hence, as 
in the first embodiment, it becomes possible to reduce 
coupling noises otherwise occurring at the reference Volt 
age-Supplied word line (that is, the word line of a memory 
cell to be cut off). Thus it is possible to prevent “0” program 
from being done at the time of “1” programming. Another 
advantage is that this coupling noise reduction makes it 
possible to increase the potential rise-up speeds of the 
program Voltage and auxiliary Voltage, which in turn enables 
achievement of high-Speed write/programming operations. 

0149 (d) The fourth embodiment is arranged to delay the 
timing for Supplying the auxiliary Voltage So that it comes 
after the timing for Supplying the mid-level Voltage while at 
the same time Supplying the reference Voltage to a word line 
at an earlier time than the auxiliary Voltage and the mid 
Voltage. With Such an arrangement, it is possible to SuppreSS 
leakage at any memory cell having the word line to which 
the reference Voltage is Supplied (i.e. the memory cell to be 
cut off). A detailed explanation will be given below. 
0150 First, the mid-level voltage is supplied to one of the 
neighboring word lines located on the both Sides of a word 
line to which the reference Voltage is Supplied, which is the 
word line (WL0 in FIG.22A) that is located next thereto on 
one Side. Whereby, the Source Voltage of a memory cell 
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having the reference Voltage-Supplied word line is caused to 
potentially rise up due to the presence of capacitive cou 
pling. Next, the auxiliary Voltage is Supplied to the other 
neighboring word line (WL2 in FIG. 22A). Whereby, the 
drain Voltage of a memory cell having the reference Voltage 
Supplied word line is driven to rise up in potential. However, 
Since the above-noted Source Voltage is potentially raised or 
boosted, it is possible to restrain leakage of from the drain 
to the Source. Hence, it becomes possible to prevent write 
COS. 

0151 (e) The fourth embodiment is such that the auxil 
iary Voltage-Supplied word line and the program Voltage 
Supplied word line are driven to potentially rise up Simul 
taneously. Due to this, it becomes easier to control word 
lines. 

Fifth Embodiment 

0152. A fifth embodiment will be explained while mainly 
focussing on its differences from the fourth embodiment. 
FIG. 23A is a timing chart for explanation of a write 
operation in accordance with the fifth embodiment. Prior to 
completion of the potential rise-up of a word line to which 
the auxiliary voltage is Supplied (at time point ta), start 
potential riseup of a word line to which the write or program 
voltage is Supplied (at time t2). Due to this, it is possible to 
SuppreSS or restrain any unwanted potential increase of the 
auxiliary Voltage-Supplied word line, as has been Stated in 
the paragraph (b) of the fourth embodiment. 
0153. The same can also be said with respect to the bitline 
side neighboring word line (WLA) which is a word line on 
the bitline side and which is one of the neighboring word 
lines located next to the word line (WL3) of a selected 
memory cell. Accordingly, as shown in FIG. 23B, it is 
preferable that the potential riseup of this word line be done 
at the same time that the auxiliary voltage-Supplied word 
line (WL2) potentially rises up (at time point t2). 
0154 According to the fifth embodiment, it is possible to 
achieve the effects (a) to (d) of the fourth embodiment stated 
Supra. Also note that in the fifth embodiment, the reference 
Voltage-Supplied word line is Such that the coupling noise 
received from its both-Side neighboring word lines is dis 
persed into noise components N5 and N6 (in FIG. 22, N2 
and N3). 

Sixth Embodiment 

0155 FIGS. 24A and 24B are timing charts for expla 
nation of a write operation in accordance with a sixth 
embodiment. FIG.24A corresponds to FIG.22A, and FIG. 
24B corresponds to FIG. 22.B. A difference from the fourth 
embodiment shown in FIG. 22 is that a power supply 
voltage Vdd (for example, 5V) less than Vpass2 (e.g. 10V) 
is used as the auxiliary Voltage. Thus, it is possible to make 
a noise N7 being generated at the reference Voltage-Supplied 
word line Smaller than the noise N3 of FIG. 22. 

Seventh Embodiment 

0156 A seventh embodiment will be explained. FIGS. 
25A and 25B are timing charts for explanation of a write 
operation in accordance with this embodiment. FIG. 25A 
corresponds to FIG. 22A, and FIG. 25B corresponds to 
FIG.22B. A difference from the fourth embodiment of FIG. 
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22 is that the auxiliary Voltage is Set at ground potential of 
OV, rather than at Vpass2 (for example, 10V). Setting the 
auxiliary voltage at OV results in the word line's potential 
variation becoming almost no longer occurrable. Thus it is 
possible to reduce the coupling noise of word line WL2. 

Eighth Embodiment 

O157 The embodiments stated above are such that the 
auxiliary Voltage with the same Significance is applied to 
each of the word lines of N-1 memory cells which are 
located between a Selected memory cell and a memory cell 
that is at an N-cell position and has its word line to which 
the reference Voltage is Supplied. In contrast, in an eighth 
embodiment, the Voltage may be set at a different value or 
alternatively at the same value. In addition, in the previous 
embodiments, the intermediate or “mid' voltage is applied 
to all of those word lines excluding the word lines to which 
the write Voltage, reference Voltage and auxiliary Voltage are 
applied. In the eighth embodiment the mid voltage is Sup 
plied to at least one word line. 
0158. A detailed explanation will be given of the eighth 
embodiment below. FIG. 26 is an equivalent circuit diagram 
of a NAND cell for explanation of voltages to be applied to 
respective word lines in the eighth embodiment. In the 
eighth embodiment, the Voltage application Scheme includes 
a first and a Second method. 

0159. The first method is such that as indicated by <1> in 
FIG. 26, a write voltage Vpgm is supplied to a word line 
WLb+1 of a selected memory cell MCb--1. A reference 
voltage Vr is applied to word lines WLa+1 and WLc+1 of 
certain memory cells that are placed on the common Source 
line CELSRC side and on the bitline BL side while being 
spaced apart from the memory cell MCb+1 by a distance 
corresponding to N cells (N is an integer greater than or 
equal to 2). A first auxiliary voltage Va1 that is less than the 
write voltage Vpgm is applied to word lines WLb, WLb+2 
of memory cells MCb, MCb--2 which are located on the both 
neighboring sides of the memory cell MCb--1. 
0.160) A second auxiliary voltage Va2 and a third auxil 
iary Voltage Va3, each of which is less than the write Voltage 
Vpgm, are supplied to word lines WLa+2 and WLa of 
memory cells MCa+2 and MCa that are positioned on the 
both neighboring Sides of the memory cell MCa+1, respec 
tively. Similarly, the second auxiliary voltage Va2 and third 
auxiliary voltage Va3 are also applied to word lines WLC 
and WLc+2 of memory cells MCc and MCc+2 that are 
placed on the both neighboring Sides of the memory cell 
MCc--1, respectively. 
0.161 The mid voltage Vm is supplied to the word line of 
at least one memory cell of the remaining memory cells 
other than those memory cells which are positioned between 
a memory cells having its word line to which the first 
auxiliary Voltage Val is Supplied and a memory cell with its 
word line to which the second auxiliary voltage Va2 is 
applied. In other words, the mid Voltage Vm is applied to the 
word line of at least one memory cell out of the memory 
cells MC0 to MCa-1, and the mid voltage Vm is given to the 
word line of at least one memory cell of the memory cells 
MCc--3 to MC31. 

0162. On the other hand, the second method is as follows. 
As shown by <2> in FIG. 26, none of the reference voltage 
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Vr and the first to third auxiliary voltages Val-Va3 are 
Supplied to those memory cells that are positioned on the 
bitline side with respect to the selected memory cell MCb--1. 
The mid voltage Vm is applied to at least one of these 
memory cells. 
0163 FIG. 27 is a timing chart for explanation of a write 
operation in accordance with the eighth embodiment. This is 
the second method <2>. Voltages to be supplied to the word 
lines WLa+3 to WLb-1 are not recited herein. The voltages 
to be applied to these word lines may be designed to have 
appropriate magnitudes that preclude occurrence of any 
write failures. Effects and advantages of the eighth embodi 
ment are Substantially similar to those of a ninth embodi 
ment to be described below so that these will be explained 
in the ninth embodiment. 

Ninth Embodiment 

0164 FIG. 28 is an equivalent circuit diagram of a 
NAND cell for explanation of the voltages to be applied to 
respective word lines in the ninth embodiment, which dia 
gram corresponds to FIG. 26. FIG. 29 is a timing chart for 
explanation of a write operation in accordance with the ninth 
embodiment, which corresponds to FIG. 27. The ninth 
embodiment is an improved version of the Second method 
<2> of the eighth embodiment. More specifically, a fourth 
auxiliary Voltage Va4 that is less than the write Voltage 
Vpgm is Supplied to the word line of one of the memory cells 
positioned on the both neighboring Sides of a selected 
memory cell MCb-i-1, that is, the word line WLb+2 of the 
bitline BL side memory cell MCb--2. 
01.65 Effects of the eighth embodiment and ninth 
embodiment will be explained with reference to FIGS. 26 
and 27. The timing for Supplying the Second auxiliary 
voltage Va2 is made different from that of the third auxiliary 
Voltage Va3. Accordingly, as has been explained in the 
fourth embodiment, a time difference takes place between 
the potential rise-up events of the word lines WLa and 
WLa+2 that are placed on the both neighboring sides of a 
word line WLa+1, to which the reference voltage Vr is 
Supplied. As a result of this time difference, it is possible to 
disperse coupling noises occurring at the word line WLa+1. 
0166 The first to third auxiliary voltages Val-Va3 (in the 
ninth embodiment, these are the first to fourth auxiliary 
Voltages Val-VaAl, hereafter, parentheses correspond to the 
ninth embodiment) are designed so that the Supply timings 
thereof are made later than that of the mid voltage Vm. In 
addition, the reference Voltage Vr is made earlier in Supply 
timing than the write Voltage Vpgm, the first to third 
auxiliary voltages Val-Va3 (first to fourth auxiliary voltages 
Va1-Va4) and the mid voltage Vm. 
0167 Prior to completion of the potential rise-up of the 
word line WLb (word lines WLb and WLb+2) to which the 
first auxiliary voltage Val1 (first and fourth auxiliary voltage 
Va1, Va4) is/are supplied, the riseup of the word line WLb+1 
to which the write Voltage Vpgm is Supplied gets Started. 
Whereby, as has been explained in Section (b) of the fourth 
embodiment, it is possible to Suppress potential increase of 
the word line WLb (word lines WLb, WLb+2) to which the 
auxiliary voltage Val (auxiliary voltages Va1, Va2) is/are 
applied. Note here that similar results are obtainable when 
permitting Simultaneous start-up of Supplement of the word 
lines WLb and WLa+2 (word lines WLb, WLa+2 and 
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WLb+2) to which the first and second auxiliary voltages 
Val-Va2 (first, second and fourth auxiliary voltages Val-Va2 
and Va4) are supplied and the word line WLb+1 to which the 
write Voltage Vpgm is applied. 
0168 For example, the first auxiliary voltage Va1 and 
others may be set at values which follow. The second 
auxiliary Voltage Va2 is the power Supply Voltage or ground 
voltage. The first to third auxiliary voltages Val-Va3 (first to 
fourth auxiliary voltages Val-Va4) are less than the write 
Voltage Vpgm and yet greater than the Supply Voltage. The 
first and third auxiliary voltages Val and Va3 (first, third and 
fourth auxiliary voltages Val and Va3-Va4) are the same as 
the mid voltage Vm. The reference Voltage Vr is greater than 
or equal to the ground Voltage and yet less than the Second 
auxiliary Voltage Va2. 

Combination of Respective Embodiments 
0169. The fourth to seventh embodiments are applicable 
also to the Second or third embodiment and also applicable 
to a NAND cell of the type shown in FIG. 30. In the type 
shown in FIG. 30, the reference voltage of OV is supplied to 
the memory cells MC1 and MC5 that are located closer to 
the common Source line CELSRC side and the bitline BL 
Side respectively by a distance equivalent to two cells from 
a selected memory cell MC3. 
0170 An advantage of the NAND cell of the type shown 
in FIG. 30 is as follows. In a “0” write or programming 
event, the voltages of the neighboring word lines WL2 and 
WL4 on the both sides of a word line WL3 to which the 
program Voltage Vpgm is Supplied are Set at the auxiliary 
Voltage Vpass2 So that the floating gate of memory cell 
MC2, MC4 potentially rises up due to the capacitive cou 
pling. With this potential rise-up, the floating gate of the 
memory cell MC3 that is between the memory cells MC2 
and MC4 also rises up in potential. Accordingly, writing to 
memory cell MC3 is accelerated, which in turn makes it 
possible to lower the Voltage being Supplied to the word line 
WL3. 

0171 On the other hand, in a “1” program event, the 
write error preventing effect is enhanced. More definitely, at 
the time of “1” programming, the potential of a channel 
region 7 of memory cell MC3 is forced to increase. How 
ever, due to a leakage current from the channel region 7 of 
memory cell MC3, this channel region 7 decreases in 
potential. If programming is Simply continued in Such poten 
tial drop-down State, then write error can occur. Thus, a time 
taken to apply a voltage to word line WL3 is limited from 
a viewpoint of the leakage current. In the cell type of FIG. 
30, the potentials of the channel regions 7 of both-side 
neighboring memory cells MC2 and MC4 in addition to 
memory cell MC3 are set at Vch2, resulting in the lager 
capacitance of channel regions 7. Therefore the potential 
drop-down due to the leak current takes time; thus, it is 
possible to cause write errors to be hardly occurrable. 

Circuit Blocks of Embodiment of the Invention 

0172 FIG. 31 is a block diagram showing an entire 
configuration of a NAND type EEPROM 31 in accordance 
with an embodiment of this invention. Each block making 
up the NAND-EEPROM 31 will be explained below. A 
memory cell array 23 has a structure in which NAND cells, 
each of which is similar to the NAND cell 1 of FIG. 3, are 
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laid out and organized into a matrix form. A row decoder 35 
is operable to perform Selection control of word lines and 
Select gate lines which are disposed in the memory cell array 
23. A word-line control circuit 37 controls voltages and 
timings of the word lines and Select gate lines. Regarding the 
wordline control circuit 37, a detailed explanation will be 
given later. 
0173 Abit-line control circuit 39 controls bit lines of the 
memory cell array 23 in order to perform data read, write 
pulse application, rewrite, write-verify-read and erase 
verify-read operations. The bitline control circuit 39 
includes a Sense/latch circuit which has functions of a Sense 
amplifier circuit and a data latch circuit. The bitline control 
circuit 39 is mainly made up of complementary metal oxide 
semiconductor (CMOS) flip-flops, and performs data latch 
for data writing and a Sense operation for reading the 
potential of a bit line, or alternatively a Sense operation in 
write-verify events, and further latching of rewrite data. The 
bitline control circuit 39 is such that data I/O is input and 
output through a data input/output buffer 41 while a signal 
is input from a column decoder 43. 
0.174. Address signals ADR are input through an address 
buffer 45 to the column decoder 43 and row decoder 35 
respectively. A Substrate potential control circuit 47 controls 
the potential of a p-type Substrate (or p-type well region) in 
which the memory cell array 23 is formed. A power Supply 
circuit 49 Supplies appropriate Voltages, Such as power 
Supply Voltage VCC and ground Voltage, to the wordline 
control circuit 37 and Substrate potential control circuit 47 or 
else. 

0175 Each block making up the wordline control circuit 
37 will be explained in detail below. A write voltage 
generating circuit 51, an intermediate or mid-level Voltage 
generating circuit 53, an auxiliary voltage generating circuit 
54 and a read-use Voltage generating circuit 55 generate a 
write or program voltage (Vpgm), a mid-level voltage 
(Vpass 1), an auxiliary voltage (Vpass2), and a read voltage, 
respectively, based on the Supply voltage VCC from the 
power Supply circuit 49. A word-line Voltage control circuit 
57 generates, based on these voltages, the Voltages to be 
Supplied to the word lines and Select gate lines (such as 
Vpgm, Vpass1, Vpass2, VCC, ground voltage and So forth). 
A write timing control circuit 59 controls the timing of a 
Voltage as output from the wordline Voltage control circuit 
57. 

0176 Application to Electronic Card and Electronic 
Apparatus 
0177. An explanation will next be given of an electronic 
card and an electronic apparatus using the electronic card in 
accordance with an embodiment of this invention. FIG. 32 
Schematically shows a structure of an electronic card and an 
electronic apparatus in accordance with the embodiment of 
the invention. Here, regarding the electronic apparatus, a 
digital still camera 101 is shown as one example of handheld 
or “mobile' electronic equipment. The electronic card is a 
memory card 119 for use as a recording medium of the 
digital still camera 101. The memory card 119 has an 
integrated circuit (IC) package PK1 in which the nonvolatile 
Semiconductor memory device that has been Set forth in the 
embodiments of the invention is integrated and Sealed. 
0.178 The digital still camera 101 has its housing or 
casing structure which contains therein a card Slot 102 and 
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a printed circuit board (not shown) connected to this card 
slot 102. The memory card 119 is detachably inserted and 
plugged into the card slot 102. When loading into the card 
slot 102, the memory card 119 is electrically connected to 
electrical circuitry on the built-in circuit board. 
0179. In case the illustrative electronic card is an IC card 
of non-contact type for example, this card is connected to the 
electrical circuitry on the circuit board via wireleSS or radio 
signals, by letting it be received in the card slot 102 or 
alternatively placed in close proximity thereto. 
0180 FIG. 33 shows a basic configuration of the digital 

Still camera. Light rays coming from a target Subject of 
shooting are gathered together by an optical lens 103 and 
then guided to enter an image pickup device 104. An 
example of the image pickup device 104 is a CMOS image 
Sensor, which is operable to photoelectrically convert the 
input light and then output an analog Signal. This analog 
Signal is amplified by an analog amplifier (AMP) and 
thereafter is Subjected to digital conversion by an analog 
to-digital (A/D) converter. The resultant converted Signal is 
input to a camera Signal processing circuit 105 and then 
Subjected to automatic exposure control (AE), automatic 
white balance control (AWB) and color separation process 
ing, by way of example, and thereafter converted into a 
brightness or luminance Signal and a color difference Signal. 
0181. In the case of monitoring an image(s), the signal as 
output from the camera Signal processing circuit 105 is input 
to a video signal processing circuit 106 for conversion to a 
Video signal. A typical example of the Video signal System 
as used herein may be the national television System com 
mittee (NTSC) standards. The video signal is sent forth via 
a display signal processing circuit 107 and then output to a 
display unit 108 which is attached to the digital still camera 
101. The display unit 108 is a liquid crystal display (LCD) 
monitor, for example. The Video signal is given through a 
video driver 109 to a video output terminal 110. An image 
as picked up or “photographed' by the digital Still camera 
101 can be output via the video output terminal 110 to an 
imaging equipment Such as for example a television (TV) 
set. Whereby, it is possible to visually display the photo 
graphed image even at external equipment other than the 
built-in display unit 108. The image pickup device 104, 
analog amplifier (AMP), A/D converter (A/D) and camera 
Signal processor circuit 105 are controlled by a microcom 
puter 111. 
0182. When an attempt is made to capture an image, an 
operator presses an operation button, Such as a shutter button 
112 for example. In responding thereto, the microcomputer 
111 controls a memory controller 113 so that a signal as 
output from the camera signal processor circuit 105 is 
written as a frame image into a Video memory 114. The 
frame image thus written into the video memory 114 is 
compressed by a compression/expansion processing circuit 
115 based on a predetermined compression format and then 
recorded in the memory card 119 that is presently plugged 
into the card slot 102 via a card interface 116. 

0183 In the case of playback of the image thus recorded, 
read the image being recorded in the memory card 119 
through the card interface 116, then let the compression/ 
expansion processing circuit 115 expand or “stretch' the 
read image, and thereafter write it into the Video memory 
114. The written image is input to the Video Signal processor 
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circuit 106 and then visualized at either the built-in display 
unit 108 or external imaging equipment in a Similar way to 
the case of monitoring an image(s). 
0184. It should be noted that in this arrangement, those 
components mounted on the circuit board 100 are the card 
slot 102, image pickup device 104, analog amplifier (AMP), 
A/D converter (A/D), camera signal processing circuit 105, 
Video signal processing circuit 106, memory controller 113, 
Video memory 114, compression/expansion processing cir 
cuit 115, and card interface 116. 

0185. Note however that the card slot 102 should not 
always be mounted on the circuit board 100 and may 
alternatively be designed So that it is connected to the circuit 
board 100 by use of a connector cable or the like. 
0186 A power supply circuit 117 is further mounted on 
the circuit board 100. The power supply circuit 117 receives 
electrical power Supply from either an external power Supply 
unit or a battery module to thereby generate an internal 
power Supply Voltage as used inside of the digital Still 
camera. A DC-to-DC converter may be used as the power 
Supply circuit 117. The internal Supply Voltage is Supplied to 
each of the above-Stated circuits and also to an electric flash 
unit called “strobe'118 and the display unit 108. 

0187. As stated above, the electronic card in accordance 
with the embodiment of this invention is usable with mobile 
electronic equipment Such as digital Still cameras or else. 
Furthermore, this electronic card is applicable not only to 
Such mobile electronic equipment but also to various types 
of electronic equipment such as those shown in FIGS. 34A 
through 30.J. More specifically, the electronic card stated 
above is employable for use with a video camera shown in 
FIG. 34A, a TV set shown in FIG. 34B, an audio apparatus 
shown in FIG. 34C, a video game console shown in FIG. 
34D, an electronic music instrument shown in FIG. 34E, a 
cellular phone handset shown in FIG. 34F, a personal 
computer (PC) shown in FIG. 34G, a personal digital 
assistant (PDA) shown in FIG.34H, a voice recorder shown 
in FIG. 34, and a PC card shown in FIG. 34.J. 

0188 The above-stated nonvolatile semiconductor 
memory device in accordance with the invention has first to 
fourth forms for reduction to practice as will be described 
below. AS per these embodiments, it is possible to reduce 
coupling noises otherwise occurring at the word lines of 
memory cells. Thus it becomes possible to avoid erroneous 
Writing or programming to memory cells even in cases 
where the distance between word lines becomes shorter with 
an increase in miniaturization of memory cells. 
0189 The first form of the nonvolatile semiconductor 
memory device in accordance with the invention is arranged 
to have a NAND cell with a serial connection of a plurality 
of electrically data rewritable memory cells, word lines 
connected to control gates of the memory cells, a common 
Source line connectable to one end of the NAND cell, a bit 
line connectable to the other end of the NAND cell, and a 
word-line control circuit, characterized in that the Wordline 
control circuit Supplies the word line of a Selected memory 
cell with a write Voltage for writing data into this memory 
cell, Supplies the word line of a memory cell which is located 
near the common Source-line Side by a distance equivalent 
to N cells (N is an integer more than or equal to 2) from the 
Selected memory cell with a reference Voltage for causing 
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this memory cell to cut off, Supplies an auxiliary Voltage 
which is less in potential than the write Voltage to each of the 
word lines of N-1 memory cells which are placed between 
the Selected memory cell and the memory cell at the position 
of N cells, and Supplies an intermediate or mid-level Voltage 
between the write Voltage and the reference Voltage to word 
lines of the remaining memory cells. 
0190. In accordance with the first form of the invention, 
the mid-level voltage is supplied to the word line of either 
one of the neighboring memory cells on the both sides of the 
memory cell to be cut off, while the auxiliary Voltage is 
supplied to the word line of the other memory cell thereof. 
With Such an arrangement, the write Voltage which is a 
relatively high Voltage is not Supplied to the word lines of 
the both-Side neighboring memory cells of the memory cell 
to be cut off So that it is possible to reduce coupling noises 
otherwise occurring at the word line of the memory cell to 
be cut off. Thus it becomes possible to avoid erroneous 
Writing or programming to the memory cell of interest. 

0191 The second form of the nonvolatile semiconductor 
memory device in accordance with the invention is arranged 
to have a NAND cell with a serial connection of a plurality 
of electrically data rewritable memory cells, word lines 
connected to the control gates of the memory cells, a 
common Source line connectable to one end of the NAND 
cell, a bit line connectable to the other end of the NAND cell, 
and a word-line control circuit, featured in that the Wordline 
control circuit Supplies the word line of a Selected memory 
cell with a write Voltage for writing data into this memory 
cell, Supplies the word lines of memory cells which are 
located near the common Source-line Side and the bitline 
Side respectively by a distance equivalent to N cells (N is an 
integer more than or equal to 3) from the Selected memory 
cell with a reference Voltage for letting this memory cell cut 
off, Supplies an auxiliary Voltage less than the write Voltage 
to each of the word lines of N-1 memory cells placed 
between the Selected memory cell and the memory cell at the 
N-cell position, and Supplies an intermediate Voltage 
between the write Voltage and the reference Voltage to word 
lines of the remaining memory cells. 

0.192 In accordance with the second form of the inven 
tion, Setting the number N at an integer more than or equal 
to 3 makes it possible to increase the memory cells residing 
between the selected memory cell and the memory cell to be 
cut off. Accordingly, it is possible to increase the capacitance 
of a channel(s) being connected to the channel of the 
Selected memory cell. Hence, in the channel of the Selected 
memory cell, it is possible to lessen the potential drop-down 
amount which can cause leakage, which in turn makes it 
possible to avoid occurrence of write errors. Note here that 
this effect is also obtainable in case N is an integer greater 
than or equal to 3 in the first form. The third form of the 
nonvolatile Semiconductor memory device in accordance 
with the invention is arranged to have a NAND cell with a 
Serial connection of a plurality of electrically data rewritable 
memory cells, word lines connected to the control gates of 
the memory cells, a common Source line connectable to one 
end of the NAND cell, a bit line connectable to the other end 
of the NAND cell, and a word-line control circuit, wherein 
the Wordline control circuit Supplies the word line of a 
Selected memory cell with a write Voltage for writing data 
into this memory cell, Supplies the word line of at least a 
memory cell located on the common Source-line Side out of 
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the memory cells that are placed near the common Source 
line Side and the bitline Side respectively by a distance 
equivalent to N cells (N is an integer more than or equal to 
2) from the Selected memory cell with a reference Voltage 
for cutting this memory cell off, Supplies an auxiliary 
Voltage less than the write Voltage to each of the word lines 
of N-1 memory cells which are positioned between the 
Selected memory cell and the memory cell which resides at 
the position of N cells and which has its word line to which 
the reference Voltage is Supplied, Supplies an intermediate 
Voltage between the write Voltage and the reference Voltage 
to word lines of the remaining memory cells, and makes the 
timing for Supplying the auxiliary Voltage and that of the 
intermediate Voltage different from each other. 

0193 As per the third form of the invention, it is possible 
to reduce coupling noises since the timing for Supplying the 
auxiliary Voltage and the timing for Supplying the interme 
diate Voltage are made different from each other. Due to this, 
it becomes possible to prevent write errors even in case the 
distance between word lines becomes shorter with an 
increase in miniaturization of memory cells. 

0194 The fourth form of the nonvolatile semiconductor 
memory device in accordance with the invention is arranged 
to have a NAND cell with a serial combination of a plurality 
of electrically data rewritable memory cells, word lines 
connected to the control gates of the memory cells, a 
common Source line connectable to one end of the NAND 
cell, a bit line connectable to the other end of the NAND cell, 
and a word-line control circuit, wherein the Wordline control 
circuit Supplies the word line of a Selected memory cell with 
a write Voltage for writing data into this memory cell, 
Supplies the word line of a memory cell which is located on 
the common Source-line side by a distance equivalent to N 
cells (N is an integer more than or equal to 2) from the 
Selected memory cell with a reference Voltage for cutting 
this memory cell off, Supplies an auxiliary Voltage less in 
potential than the write Voltage to each of the word lines of 
N-1 memory cells which are located between the selected 
memory cell and the memory cell at the N-cell position, 
Supplies an intermediate Voltage between the write Voltage 
and the reference Voltage to a bitline Side neighboring word 
line which is a word line on the bitline side out of those word 
lines that are placed next to the word line of the Selected 
word line, Supplies the intermediate Voltage to word lines of 
the remaining memory cells, and causes the timing for 
Supplying the auxiliary voltage and the timing for Supplying 
the intermediate Voltage to the bitline Side neighboring word 
line to be different from the timing for Supplying the 
intermediate Voltage to the word lines of the remaining 
memory cells. 

0.195 As per the fourth form of the invention, since the 
timing for Supplying the auxiliary Voltage and the timing for 
Supplying the intermediate Voltage to the bitline Side neigh 
boring word line are made different from the timing for 
Supplying the intermediate Voltage to the word lines of the 
remaining memory cells, it is possible to reduce coupling 
noises. Due to this, it becomes possible to avoid write errors 
or failures even when the distance between word lines 
becomes shorter with an increase in miniaturization of the 
memory cells. 
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What is claimed is: 
1. A nonvolatile Semiconductor memory device compris 

ing: 
a NAND cell with a plurality of electrically data rewrit 

able memory cells being connected in Series, 
word lines connected to control gates of Said memory 

cells, 
a common Source line connectable to one end of Said 
NAND cell; 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 

Said word line control circuit Supplies a word line of a 
Selected memory cell with a write Voltage for writing 
data into this memory cell, 

Supplies a word line of a memory cell located on the 
common Source line Side by N (N is an integer greater 
than or equal to 2) cells from Said selected memory cell 
with a reference Voltage for causing this memory cell to 
cut off, Supplies an auxiliary Voltage less than Said write 
Voltage to respective word lines of N-1 memory cells 
located between Said Selected memory cell and Said 
memory cell at the position of Said N cells, and 

Supplies to word lines of remaining memory cells an 
intermediate voltage between Said write voltage and 
Said reference Voltage. 

2. The device according to claim 1, wherein Said auxiliary 
Voltage is less than Said write Voltage and yet larger than a 
power Supply Voltage. 

3. The device according to claim 1, wherein Said auxiliary 
Voltage is the same as Said intermediate Voltage. 

4. The device according to claim 1, wherein Said reference 
Voltage is greater than or equal to a ground Voltage and yet 
less than Said auxiliary Voltage. 

5. The device according to claim 1, wherein Said reference 
Voltage is the same as a ground Voltage. 

6. The device according to claim 1, wherein a distance 
between Said word lines is less than or equal to 90 nanom 
eters (“nm” 

7. The device according to claim 1, wherein a ratio of a 
thickness of Said word lines to a distance between Said word 
lines is greater than or equal to 3. 

8. An electronic card equipped with the nonvolatile Semi 
conductor memory device as recited in claim 1. 

9. An electronic apparatus comprising: 
a card interface; 
a card Slot connected to Said card interface; and 

Said electronic card as recited in claim 8 and being 
electrically connectable to Said card slot. 

10. The apparatus according to claim 9, wherein Said 
electronic apparatus is a digital camera. 

11. A nonvolatile Semiconductor memory device compris 
ing; 

a NAND cell with a plurality of electrically data rewrit 
able memory cells being connected in Series, 

word lines connected to control gates of Said memory 
cells, 
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a common Source line connectable to one end of Said 
NAND cell; 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 

Said word line control circuit Supplies a word line of a 
Selected memory cell with a write Voltage for writing 
data into this memory cell, 

Supplies word lines of memory cells respectively located 
on the common Source line Side and on the bit line Side 
by N (N is an integer greater than or equal to 3) cells 
from Said Selected memory cell with a reference Volt 
age for cutting this memory cell off, 

Supplies an auxiliary Voltage less than Said write Voltage 
to respective word lines of N-1 memory cells located 
between Said Selected memory cell and Said memory 
cell at the position of said N cells, and 

Supplies to word lines of remaining memory cells an 
intermediate Voltage between Said write Voltage and 
Said reference Voltage. 

12. The device according to claim 11, wherein Said 
auxiliary Voltage is less than Said write Voltage and yet larger 
than a power Supply Voltage. 

13. The device according to claim 11, wherein Said 
auxiliary Voltage is the same as Said intermediate Voltage. 

14. The device according to claim 11, wherein Said 
reference Voltage is greater than or equal to a ground Voltage 
and yet less than Said auxiliary Voltage. 

15. The device according to claim 11, wherein said 
reference Voltage is the same as a ground Voltage. 

16. The device according to claim 11, wherein a distance 
between said word lines is less than or equal to 90 nm. 

17. The device according to claim 11, wherein a ratio of 
a thickness of Said word lines to a distance between said 
word lines is greater than or equal to 3. 

18. An electronic card equipped with the nonvolatile 
Semiconductor memory device as recited in claim 11. 

19. An electronic apparatus comprising; 

a card interface, 

a card Slot connected to Said card interface; and 

Said electronic card as recited in claim 18 and being 
electrically connectable to Said card slot. 

20. The apparatus according to claim 19, wherein Said 
electronic apparatus is a digital camera. 

21. A nonvolatile Semiconductor memory device com 
prising; 

a NAND cell with a plurality of electrically data rewrit 
able memory cells being connected in Series, 

word lines connected to control gates of Said memory 
cells, 

a common Source line connectable to one end of Said 
NAND cell: 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 
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Said word line control circuit Supplies a word line of a 
Selected memory cell with a write Voltage for writing 
data into this memory cell, 

Supplies at least a word line of a memory cell located on 
the common Source line Side between memory cells 
located on the common Source line Side and on the bit 
line side by N (N is an integer greater than or equal to 
2) cells from Said Selected memory cell, with a refer 
ence Voltage for cutting this memory cell off, 

Supplies an auxiliary Voltage less than Said write Voltage 
to respective word lines of N-1 memory cells located 
between said Selected memory cell and the memory cell 
which is at the position of said N cells and which has 
its word line to which said reference Voltage is Sup 
plied, 

Supplies to word lines of remaining memory cells an 
intermediate Voltage between Said write Voltage and 
Said reference Voltage, and 

makes a timing for Supplying Said auxiliary Voltage 
different from that of said intermediate voltage. 

22. The device according to claim 21, wherein Said word 
line control circuit makes Said auxiliary Voltage later than 
Said intermediate Voltage in Supply timing. 

23. The device according to claim 22, wherein said word 
line control circuit makes Said reference Voltage earlier in 
Supply timing than Said write Voltage, Said auxiliary Voltage 
and said intermediate Voltage. 

24. The device according to claim 21, wherein Said word 
line control circuit begins simultaneously to Supply a word 
line to which said auxiliary Voltage is Supplied and a word 
line to which said write Voltage is Supplied. 

25. The device according to claim 21, wherein said word 
line control circuit begins to perform potential rise-up of a 
word line to which said write Voltage is Supplied prior to 
completion of rise-up of a word line to which Said auxiliary 
Voltage is Supplied. 

26. The device according to claim 21, wherein Said 
auxiliary Voltage is any one of a power Supply Voltage and 
a ground Voltage. 

27. The device according to claim 21, wherein said 
reference Voltage is Supplied only to the word line located on 
the common Source line side between word lines of the 
memory cells located on the common Source line Side and on 
the bit line side by N (N is an integer more than or equal to 
2) cells from Said Selected memory cell. 

28. The device according to claim 21, wherein said 
reference Voltage is Supplied to word lines of memory cells 
respectively located on the common Source line Side and on 
the bit line side by N (N is an integer more than or equal to 
2) cells from Said Selected memory cell. 

29. The device according to claim 21, wherein said 
auxiliary Voltage is less than Said write Voltage and yet larger 
than a power Supply Voltage. 

30. The device according to claim 21, wherein said 
auxiliary Voltage is the same as Said intermediate Voltage. 

31. The device according to claim 21, wherein Said 
reference Voltage is greater than or equal to a ground Voltage 
and yet less than Said auxiliary Voltage. 

32. The device according to claim 21, wherein Said 
reference Voltage is the same as a ground Voltage. 

33. The device according to claim 21, wherein a distance 
between said word lines is less than or equal to 90 nm. 
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34. The device according to claim 21, wherein a ratio of 
a thickness of Said word lines to a distance between said 
word lines is greater than or equal to 3. 

35. An electronic card equipped with the nonvolatile 
Semiconductor memory device as recited in claim 21. 

36. An electronic apparatus comprising: 
a card interface: 

a card Slot connected to Said card interface: and 

Said electronic card as recited in claim 35 and being 
electrically connectable to Said card slot. 

37. The apparatus according to claim 36, wherein Said 
electronic apparatus is a digital camera. 

38. A nonvolatile semiconductor memory device com 
prising; 

a NAND cell with a plurality of electrically data rewrit 
able memory cells being connected in Series, 

word lines connected to control gates of Said memory 
cells, 

a common Source line connectable to one end of Said 
NAND cell; 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 
Said word line control circuit Supplies a word line of a 

Selected memory cell with a write voltage for writing 
data into this memory cell, 

Supplies a word line of a memory-cell located on the 
common Source line Side by N (N is an integer greater 
than or equal to 2) cells from Said selected memory cell 
with a reference Voltage for cutting this memory cell 
off, Supplies an auxiliary Voltage less than Said write 
Voltage to respective word lines of N-1 memory cells 
located between Said Selected memory cell and Said 
memory cell at the position of Said N cells, 

Supplies an intermediate Voltage between Said write Volt 
age and Said reference Voltage to one of word lines 
located next to the word line of Said Selected memory 
cell which is a bit-line side neighboring word line that 
is a word line on the bit line side, 

Supplies Said intermediate Voltage to word lines of 
remaining word lines, and 

makes a timing for Supplying Said auxiliary Voltage and a 
timing for Supplying Said intermediate Voltage to Said 
bit-line side neighboring word line different from a 
timing for Supplying Said intermediate Voltage to the 
word lines of Said remaining memory cells. 

39. The device according to claim 38, wherein said word 
line control circuit makes the timing for Supplying Said 
auxiliary Voltage and the timing for Supplying Said interme 
diate Voltage to Said bit-line side neighboring word line 
slower than the timing for Supplying Said intermediate 
Voltage to the word lines of Said remaining memory cells. 

40. The device according to claim 39, wherein said word 
line control circuit makes Said reference Voltage faster in 
Supply timing than Said write Voltage, Said auxiliary Voltage 
and Said intermediate Voltage. 

41. The device according to claim 38, wherein said word 
line control circuit Simultaneously begins to Supply a word 
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line to which said auxiliary Voltage is Supplied and a word 
line to which Said write Voltage is Supplied and also said 
bit-line Side neighboring word line to which Said interme 
diate Voltage is Supplied. 

42. The device according to claim 38, wherein said word 
line control circuit Starts to perform potential rise-up of a 
word line to which said write Voltage is Supplied prior to 
completion of rise-up of a word line to which Said auxiliary 
Voltage is Supplied and Said bit-line Side neighboring word 
line to which said intermediate Voltage is Supplied. 

43. The device according to claim 38, wherein said 
auxiliary Voltage is any one of a power Supply Voltage and 
a ground Voltage. 

44. The device according to claim 38, wherein said 
auxiliary Voltage is less than Said write Voltage and yet larger 
than a power Supply Voltage. 

45. The device according to claim 38, wherein said 
auxiliary Voltage is the same as Said intermediate Voltage. 

46. The device according to claim 38, wherein said 
reference Voltage is greater than or equal to a ground Voltage 
and yet less than Said auxiliary Voltage. 

47. The device according to claim 38, wherein said 
reference Voltage is the same as a ground Voltage. 

48. The device according to claim 38, wherein a distance 
between said word lines is less than or equal to 90 nm. 

49. The device according to claim 38, wherein a ratio of 
a thickness of Said word lines to a distance between Said 
word lines is greater than or equal to 3. 

50. An electronic card equipped with the nonvolatile 
Semiconductor memory device as recited in claim 38. 

51. An electronic apparatus comprising, 
a card interface; 

a card Slot connected to Said card interface; and 

Said electronic card as recited in claim 50 and being 
electrically connectable to Said card slot. 

52. The apparatus according to claim 51, wherein Said 
electronic apparatus is a digital camera. 

53. A nonvolatile semiconductor memory device com 
prising: 

a NAND cell with a plurality of electrically data rewrit 
able memory cells being connected in Series, 

word lines connected to control gates of Said memory 
cells, 

a common Source line connectable to one end of Said 
NAND cell; 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 

Said word line control circuit Supplies a word line of a 
Selected memory cell with a write Voltage for writing 
data into this memory cell, 

Supplies a word line of at least a memory cell located on 
the common Source Side of memory cells which are 
placed on the common Source line Side and on the bit 
line side by a degree corresponding to N cells (N is an 
integer greater than or equal to 2) from said Selected 
memory cell with a reference Voltage for causing this 
memory cell to cut off, 
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Supplies a first auxiliary Voltage less than Said write 
Voltage to a word line of one of memory cells located 
on both neighboring Sides of Said Selected memory cell, 
which one is on the side with a word line to which said 
reference Voltage is Supplied, 

respectively Supplies Second and third auxiliary Voltages 
less than Said write Voltage to word lines of memory 
cells placed on both neighboring Sides of the memory 
cell with Said reference Voltage being Supplied to its 
word line, 

Supplies an intermediate Voltage between Said write Volt 
age and Said reference Voltage to a word line of at least 
one memory cell of remaining memory cells except 
memory cells located between the memory cell having 
its word line to which Said first auxiliary Voltage is 
Supplied and the memory cell having its word line to 
which the Second auxiliary Voltage is Supplied, and 

makes Said Second and third auxiliary Voltages different in 
Supply timing from each other. 

54. The device according to claim 53, wherein said word 
line control circuit makes the first to third auxiliary Voltages 
later in Supply timing than Said intermediate Voltage. 

55. The device according to claim 53, wherein said word 
line control circuit makes Said reference Voltage earlier in 
Supply timing than Said write Voltage, the first to third 
auxiliary Voltages and Said intermediate Voltage. 

56. The device according to claim 53, wherein said word 
line control circuit simultaneously starts Supplement for the 
word lines to which the first and Second auxiliary Voltages 
are Supplied and the word line to which Said write Voltage is 
Supplied. 

57. The device according to claim 53, wherein said word 
line control circuit starts rise-up of the word line to which 
Said write Voltage is Supplied prior to completion of rise-up 
of the word line to which said first auxiliary voltage is 
Supplied. 

58. The device according to claim 53, wherein said second 
auxiliary Voltage is any one of a power Supply Voltage or a 
ground Voltage. 

59. The device according to claim 53, wherein the first to 
third auxiliary Voltages are less than Said write Voltage and 
yet greater than a power Supply Voltage. 

60. The device according to claim 53, wherein the first 
and third auxiliary Voltages are the Same as Said intermediate 
Voltage. 

61. The device according to claim 53, wherein said 
reference Voltage is greater than or equal to ground Voltage 
and yet less than Said Second auxiliary Voltage. 

62. A nonvolatile Semiconductor memory device com 
prising; 

a NAND cell with a plurality of electrically data rewrit 
able memory cells being connected in Series, 

word lines connected to control gates of Said memory 
cells, 

a common Source line connectable to one and of Said 
NAND cell: 

a bit line connectable to a remaining end of said NAND 
cell; and 

a word line control circuit, wherein 
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Said word line control circuit Supplies a word line of a 
Selected memory cell with a write Voltage for writing 
data into this memory cell, 

Supplies a word line of a memory cell located on the 
common Source side by a degree corresponding to N 
cells (N is an integer greater than or equal to 2) from 
Said Selected memory cell with a reference Voltage for 
causing this memory cell to cut off, 

Supplies a first auxiliary Voltage less than Said write 
Voltage to a word line of one of memory cells located 
on both neighboring Sides of Said Selected memory cell, 
which one is on the common Source Side, 

respectively Supplies Second and third auxiliary Voltages 
less than Said write Voltage to word lines of memory 
cells located on both neighboring Sides of a memory 
cell with its word line to which said reference voltage 
is Supplied, 

Supplies a fourth auxiliary Voltage less than Said write 
Voltage to a word line of one of the memory cells 
located on both neighboring Sides of Said Selected 
memory cell, which one is on the bit line Side, 

Supplies an intermediate Voltage between said write Volt 
age and Said reference Voltage to a word line of at least 
one memory cell of remaining memory cells except 
memory cells located between the memory cell having 
its word line to which Said first auxiliary Voltage is 
Supplied and the memory cell having its word line to 
which the Second auxiliary Voltage is Supplied, and 

makes Said Second and third auxiliary Voltages different in 
Supply timing from each other. 

63. The device according to claim 62, wherein said word 
line control circuit makes the first to fourth auxiliary volt 
ages later in Supply timing than Said intermediate Voltage. 

64. The device according to claim 62, wherein said word 
line control circuit makes Said reference Voltage earlier in 
Supply timing than Said write Voltage, the first to fourth 
auxiliary Voltages and Said intermediate Voltage. 

65. The device according to claim 62, wherein said word 
line control circuit Simultaneously starts Supplement for the 
word lines to which the first, second and fourth auxiliary 
Voltages are Supplied and the word line to which Said write 
Voltage is Supplied. 

66. The device according to claim 62, wherein said word 
line control circuit starts rise-up of the word line to which 
Said write Voltage is Supplied prior to completion of rise-up 
of the word lines to which the first and fourth auxiliary 
Voltages are Supplied. 

67. The device according to claim 62, wherein said second 
auxiliary Voltage is any one of a power Supply Voltage or a 
ground Voltage. 

68. The device according to claim 62, wherein the first to 
fourth auxiliary Voltages are less than Said write Voltage and 
yet greater than a power Supply Voltage. 

69. The device according to claim 62, wherein the first, 
third and fourth auxiliary Voltages are the same as Said 
intermediate Voltage. 

70. The device according to claim 62, wherein said 
reference Voltage is greater than or equal to ground Voltage 
and yet less than Said Second auxiliary Voltage. 
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